Purpose: The molecular drivers that determine histology in lung cancer are largely unknown. We investigated whether microRNA (miR) expression profiles can differentiate histologic subtypes and predict survival for non-small cell lung cancer.
The two most common histologic subtypes of non-small cell lung cancer (NSCLC) are squamous cell carcinomas (SQ) and adenocarcinomas, mainly derived from epithelial cells that line the larger airways and the peripheral small airways, respectively (1) . Demographic and etiologic characteristics of adenocarcinoma and SQ have been described in refs. (2, 3) , and inherited predisposition to distinct histologic types has been identified in refs. (4, 5) . Mutations in the RAS protooncogene (6) and epidermal growth factor receptor (7) have been mostly found in lung adenocarcinoma, and are typically mutually exclusive (8) . Although these and other differences are documented, the precise molecular features that characterize and distinguish the two histologies are largely unknown. Consequently, treatment across NSCLC lesions is similar and shows comparable poor efficacy. A refined understanding of the underlying histologic distinctions may help elucidate histology-specific patterns that can be exploited therapeutically and may improve the selection of molecular markers for early detection. We sought to explore microRNA (miR) expression differences by histology and their significance in terms of prognosis and treatment of lung cancer.
MiRs are a class of short, highly conserved noncoding RNAs involved in numerous developmental processes. MiRs regulate gene expression through incomplete basepairing to a complementary sequence in the 3′ untranslated region of a target mRNA, resulting in translational repression and, to a lesser extent, accelerated turnover of the target transcript (9) . Deregulation of miRs has been linked to cancer initiation and progression, indicating that miRs may act as tumor suppressor genes or oncogenes and can target apoptosis (10) .
MiR expression studies in lung cancer cell lines or animal models have mostly focused on the let-7 family of miRs, which acts as tumor suppressors by repressing cell proliferation and regulating the RAS oncogene (11) . Let-7 may also target cell cycle effectors (10) and in turn be downregulated by the MYC oncogene (12) . A few studies in humans identified different miR expression profiles associated with lung cancer survival (13) (14) (15) . Overall, these studies were relatively small and had limited power to account for other potential risk factors for lung cancer.
We conducted a large miR expression study in 290 subjects, including 165 adenocarcinoma and 125 SQ patients, within the Environment And Genetics in Lung cancer Etiology (EAGLE) study (16) . Using a custom-made miR microarray, detailed epidemiologic and clinical data, and lung tissue blocks, we investigated whether miR expression profiles can distinguish adenocarcinoma from SQ or predict survival. We also explored the effect of tobacco smoking on miR expression. The large study size allowed the adjustment or stratification for potential confounders (e.g., age, sex, smoking, and tumor stage, grade, size, lymph node involvement, presence of metastasis, and histology) when appropriate. We confirmed our major findings by qRT-PCR in 49 samples from EAGLE and 76 samples from an independent set of lung cancer cases.
Materials and Methods

EAGLE samples
The EAGLE study design and the subjects' characteristics have been previously described in ref. (16) . Briefly, EAGLE is a population-based, case-control study of lung cancer conducted in Italy between 2003 and 2005, which includes 2,100 primary lung cancer cases and 2,120 age-, sex-, and residence-matched population controls. The study was approved by the institutional review boards of the enrolling hospitals and the National Cancer Institute (NCI). All participating subjects signed an informed consent form. Lung cancer histology and the presence of malignant cells in the formalin-fixed, paraffin-embedded (FFPE) tissue blocks were ascertained by the EAGLE local pathologists and were reviewed by a pathologist from the NCI. For the present study, we excluded subjects who received chemotherapy and/or radiation therapy before the study to avoid potential confounding effects on miR expression due to treatment. Moreover, we excluded tissue blocks with mixed histologies or insufficient tumor material. All cases that met the inclusion criteria and with sufficient tissue available were used. The analytic sample included 290 cases (Table 1) .
Chip array analysis and quality control procedures
We used a custom-made, two-channel oligo array including 713 human, mammalian, and viral mature antisense miRs plus two internal controls with seven serial dilutions, using one EBV cell line as a reference sample (17) . The in-house miR array was tested for hybridization efficiency (intensity range log 10 , 2-16), reproducibility, 
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Recent clinical trials for non-small cell lung cancer showed that response to therapy may vary by histology. We identified a microRNA signature that strongly differentiated histology subtypes, had prognostic implications, and predicted survival from squamous cell carcinoma. These findings may suggest targets for histology-specific treatments of non-small cell lung cancer in the future. and concordance with Ambion oligo set arrays (data not shown). Real-time PCR validations of the array were done on selected miRs (18) . For the present study, we focused on the human miRs (n = 440). Details on the oligo array, RNA extraction, normalization, and quality control procedures are reported in the Supplementary Material S1.
Statistical analysis
Class comparisons. Tests for expression differences between histologies were conducted for individual miRs using two-sided t tests or F tests, considering P values of <0.05 as significant. Adjustment or stratification for age, sex, histology, tumor characteristics, and smoking was done when appropriate (details in Supplementary Material S1).
The Benjamini and Hochberg method was used to estimate the false discovery rate (19) . To account for multiple testing, global permutation tests with 10,000 permutations were conducted for each class comparison to confirm overall significance of the expression profile differences (details on permutation tests in Supplementary Material S1).
Association between miR expression and tobacco smoking. When relating miR expression to a specified continuous outcome [e.g., for the analysis of cigarettes per day (CPD)], Spearman correlation coefficients were calculated as a measure of correlation and to compute parametric P values. In addition, linear regression models were used to examine the association between CPD and miR expression data using the lm function in the R statistical package. 7 Survival analysis. For survival analyses, patients who were alive at the date of last follow-up (n = 149) or who died due to causes other than lung cancer (n = 18) were censored. Univariate Cox proportional hazards models were fit to test individual miR expression levels for association with survival. Regression coefficients from these models were tested using a two-sided Wald test, considering P values of <0.05 as significant. First, we examined the association between expression of individual miRs and survival in unadjusted and adjusted analyses. For SQ, we excluded the three female patients and one never smoker, and adjusted for age and stage. For adenocarcinoma, we adjusted for age, stage, sex, and smoking. We also conducted the same analyses restricted to subjects with resectable tumors (stages IA, IB, IIA, IIB, and IIIA) to identify miRs with prognostic potential for surgical candidates. Kaplan-Meier survival curves were plotted for individuals with miR expression levels above and below the median using the R statistical package.
To test the combinations of miRs that could predict the risk of dying from lung cancer, we used the supervised principal component method of Bair and Tibshirani (20) in BRB-ArrayTools (21) . We calculated the first three principal component linear combinations of expression levels from miRs that were univariately correlated with survival at P < 0.01 (using Cox regression), producing three "super miRs." A Cox proportional hazards model was fit to relate survival time to these three super miRs. This method provides a regression coefficient (weight) for each super miR for the calculation of a prognostic index, or weighted combination of the super miRs. To avoid overfitting due to the initial supervised selection of miRs to use in defining the prognostic index, we used 10-fold cross-validation. A high prognostic index value corresponded to a high predicted hazard of death due to lung cancer with correspondingly poor predicted survival. Kaplan-Meier survival curves were plotted for cases predicted to have above average risk (prognostic index above the median in the cross-validated model) and for cases predicted to have below average risk (prognostic index below the median in the cross-validated model). Details on the cross-validation procedure and permutation test are in Supplementary Material S1.
Correlation between miRs and mRNA expression. We estimated the predicted targets of the top miRs differentiating the two histology groups using TargetScan (22) . We measured the mRNA expression of the putative target genes using Affymetrix U133A microarray chips (23) in 47 snap-frozen tissue samples from adenocarcinoma patients for whom we also had miR expression data. We estimated the correlation (based on a linear model) between miR expression and gene expression for each miR-probe pair and computed a global permutation P value (using 1,000 permutations) based on the number of miR-probe correlations that were significant (P value < 0.01) at the individual level.
Molecular function classification of genes targeted by miRs in the histology comparison. We used Gene Ontology (24) to assign the targeted genes whose expression was significantly correlated with the top miRs differentiating the histology groups to functional categories. The Gene Ontology categories were rank ordered using GoMiner (25) .
Confirmation and replication of miR expression
We confirmed array results by qRT-PCR in 49 samples from EAGLE that had sufficient tumor miRNA remaining after the array analysis. We also replicated our analysis in 76 fresh-frozen lung cancer tissue samples from an independent Caucasian population obtained from the Cooperative Human Tissue Network (CHTN). The 49 EAGLE and 76 CHTN samples are described in Supplementary Material S2. We selected five miRs to confirm the array results by qRT-PCR using Taqman miRNA assays (Applied Biosystems; procedure details in Supplementary Material S1).
Results
Analysis of adenocarcinoma versus SQ
In the overall unadjusted analysis, miR expression profiles strongly differentiated adenocarcinoma from SQ (class comparison global permutation test P < 0.0001), with 127 miRs differentially expressed at P < 0.05 and with 86 of the 127 miRs differentially expressed at P < 0.001 (list in Supplementary Material S3). To verify whether these results were affected by gender, age, or smoking, we repeated the same analyses in male smokers only (84 adenocarcinoma, 121 SQ), adjusting for age. In this adjusted analysis, 34 miRs were confirmed at P < 0.0001 (Table 2 ; Fig. 1 ), of which 32 (94%) were upregulated in adenocarcinoma versus SQ.
We explored the correlation of the top 34 miRs differentiating the two histology groups with the mRNA expression of the TargetScan-predicted targets of these miRs. As expected, each miR is predicted to target hundreds of genes ( Table 3 ). The expression of 5 of the 34 top miRs (14.7%) was found to be overall significantly associated with the expression of their putative target genes, whereas only about 2 were expected by chance. Results summaries are reported in Table 3 , and the corresponding list of probes, genes, correlation coefficients, and P values are shown in the Supplementary Material (S4). The Gene Ontology (24) functional categories indicate that these genes Table 2 . Thirty-four miRs that significantly (at P < 0.0001) differentiate adenocarcinoma from SQ samples in male smoker patients (n = 205) Four miRs among the 34 exhibited >2.0-fold -difference: miR-26a, Let-7g, let-7f, and miR-98 (P < 0.0001; Table 2 ). Interestingly, miR-26a and let-7g are located on chromosome 3p21-22 (26), a common area of chromosomal alterations in lung cancer. MiR-98 is localized to chromosome X within the same cluster of let-7f-2 and is considered part of the let-7 family. Notably, all members of the human let-7 family on our chip (let-7a, let-7b, let-7c, let-7d, let-7e, let-7f, let-7g, let-7i, miR-98, and miR-202; ref. 27) differentiated the two histology groups (P < 0.0001) and were upregulated in adenocarcinoma versus SQ.
In comparing histologies (P < 0.05), we also identified two groups of miRs clustered <10 kb apart from each other in two genomic regions that are often gained or lost in lung cancer (28, 29) : chromosome 19q13.42 with seven miRs (i.e., miR-498, miR-520b, miR-517*, miR-373*, miR-526b, miR-518c*, miR-520d-3p, plus let-7e, adjacent on chromosome 19q13.41) and chromosome 14q32.2 also with seven miRs (miR-453, miR-654-5p, miR-299-3p, miR-381, miR-432, miR-342-3p, and miR-370).
We verified whether the differences in miR expression between adenocarcinoma and SQ vary by stage. We found that miR expression differed dramatically by histology in stages I and II (Supplementary Material S6-7), but not in the advanced stages, even when samples from stages IIIB and IV were pooled (n = 57 adenocarcinoma and 31 SQ; P global = 0.195; Supplementary Material S8). Specifically, in comparing 65 adenocarcinoma versus 52 SQ stage I cases and 43 adenocarcinoma versus 42 SQ stage II cases, there were 99 and 76 miRs, respectively, whose expression strongly differentiated the two histology groups (P global < 0.0001 for each of stage I and II). Among the 76 miRs differentiating the histologies in stage II, 55 (71%) also differentiated the histologies in stage I and included all members of the let-7 family. The largest difference in miR expression (3.4-fold overall and 3.5-fold in male smokers only) was observed for miR-21 in stage II samples (P < 10 −5 ). Notably, the expression of this miR was not significantly different by histology in stage I cancers. We observed comparable results in the analysis restricted to the male smokers only, with the expression of 89 and 90 miRs differentiating histologies in stages I and II, respectively, and only 2 miRs differentially expressed in stages IIIB+IV (data not shown).
Effect of cigarette smoking on miR expression
We assessed whether tobacco smoking affected miR expression by comparing miR expression in smokers versus nonsmokers. Given the differences in miR expression by histology, we focused this analysis on adenocarcinoma only, the histologic group with a wide range of smoking histories, including never smokers (Table 1) . No overall significant results were observed by smoking among the adenocarcinoma cases, even when subjects were stratified by sex and adjusted by age (data not shown), although expression of most miRs, including all members of the let-7 family, seemed to be generally downregulated in the smokers. To further explore the role of smoking, we analyzed the correlation between smoking intensity (number of CPD) and the expression of miRs that were downregulated in SQ compared with adenocarcinoma (let-7 family) and one miR that was upregulated in the same comparison (miR21) in smokers. We found an inverse correlation for the let-7 family in female adenocarcinoma patients, independent from age ( Fig. 2A) . We confirmed this inverse association in CHTN tissue samples from adenocarcinoma female cases (Fig. 2B) . We could not analyze the effect of smoking in SQ because we had only three females in this group. In males, there was no association between smoking intensity and miR expression in either SQ or adenocarcinoma in both the EAGLE and CHTN samples (data not shown). No major differences were observed by current versus former smoking status, years of smoking, age at smoking initiation, or exposure to environmental (passive) smoking (data not shown). The miR21 analysis showed a significant increase of miR expression by CPD in males with SQ (P = 0.02; Fig. 2C ), but no significant association in adenocarcinoma either in males (data not shown) or females, although there was a suggestive downregulation of the expression in females (Fig. 2C) .
Survival analysis
Both the unadjusted survival analysis and the analysis adjusted by age, sex, histology, stage, and smoking status (n = 290 for all stages, n = 251 for early stages) produced no more significant miRs than would have been expected by chance for SQ and adenocarcinoma combined. Due to the observed biological differences in the miR expression comparisons and the disparate covariate distributions (SQ patients were nearly all male ever smokers), survival analyses were conducted separately for adenocarcinoma and SQ patients.
Adenocarcinoma. Although 12 miRs (parametric P value < 0.05) were identified in the unadjusted univariate survival analyses of the adenocarcinoma sample and 15 were identified in the analyses restricted to the early stage, the global tests for the associations were not significant (permutation P value of global test = 0.27 and 0.20, respectively). Similarly, 11 miRs were associated with survival in the analyses adjusted by age, sex, smoking, and stage, and 10 were expected by chance (Supplementary Material S9). A risk prediction analysis for combined miR expression did not show significant associations with survival (data not shown).
Squamous cell carcinoma. Both the unadjusted and adjusted analyses showed significant results for the association of miR expression with survival from SQ. Because there were only three females and one nonsmoker, we focused on male smokers. Results based on stages I, II, and IIIA (n = 107) are discussed below. Results including all stages (n = 121, with 25 miRs with P < 0.05) are reported in Supplementary Material S10.
Using a cutoff of P < 0.05, there were 33 miRs individually associated with mortality risk in the unadjusted analysis (global permutation P = 0.026) and 36 in the age-and stage-adjusted analysis (Supplementary Material S11). Many of these miRs also differentiated the histology groups. The expression of most miRs was inversely related to mortality, ranging from 1.2-to 3.6-fold increased risks for subjects with low expression. Given the strong individual miR associations, we fit a risk prediction model for the combined effect of miRs on survival. Because age (P = 0.96) and stage (P = 0.46, including only stages I, II, and IIIA) were not associated with survival in this group, and subjects only included male smokers, we conducted an unadjusted analysis. Among the 107 SQ patients included in this analysis, 51 were stage I, 39 were stage II, and 17 were stage IIIA, and the number of deaths due to lung cancer were 22, 17, and 9, respectively.
We found five miRs (miR-25, miR-34c-5p, miR-191, let7e, and miR-34a) whose expression strongly predicted SQ survival for the 107 male smokers with early-stage SQ tumors. Using the cross-validated supervised principal component method, 62 patients (36 lung cancer deaths) were predicted to have high mortality risk (prognostic index above median) and 45 patients (12 lung cancer deaths) were predicted to have low mortality risk (prognostic index below median). Figure 3 displays the KaplanMeier curves comparing the two risk groups (P value for the permutation test was 0.017 based on 10,000 permutations); the corresponding results from the individual miR analysis of the five miRs are shown in Table 4 .
Confirmation and replication of array results by qRT-PCR
We analyzed five miRs by qRT-PCR in 49 samples remaining from the EAGLE study and 76 CHTN samples.
Specifically, let-7g, miR-26a, and let-7f were chosen to confirm the histology comparison (fold change of >2 in the array comparison); let-7g and let-7f were used to confirm the smoking comparison; and miR-638 and miR-107 were chosen to confirm the survival results. The high expression of miR-638 was a risk factor and the high expression of miR-107 was a protective factor for mortality from SQ in the array data. The three miRs chosen for the histology comparison showed a similar pattern in the qRT-PCRbased results in both the EAGLE samples and the CHTN samples (Supplementary Material S12) . Similarly, the qRT-PCR results for the two miRs selected for the smoking comparison (Fig. 2B ) and the two miRs selected for the association with SQ survival (Supplementary Material S13) were consistent with the array data. Of note, the array results were based on FFPE samples, whereas the CHTN samples were fresh frozen. Our findings confirm (30) that both samples types elicit comparable miR results.
Discussion
Recent clinical trials show that different histologic subtypes of NSCLC have different responses to therapy (31) (32) (33) (34) ). Yet, current treatment is similar across histologies because histology-specific molecular targets that could be therapeutically exploited are lacking. In the largest study of miR expression in lung cancer to date, we found a miR profile that strongly and consistently differentiated adenocarcinoma from SQ. We confirmed the largest differences in an independent set of lung cancer cases and identified a set of putative target genes whose expression was correlated with the expression of miRs differentiating the two histology groups, providing preliminary evidence of miR-target correlations for further experimental validation. Expression differences by histology were highly significant in the early-stage tumors but not significant in the advanced stages, suggesting that in advanced, less Fig. 2 . A, correlation of CPD with expression of members of the let-7 family in adenocarcinoma female patients based on array analysis in EAGLE (top); B, correlation of CPD with expression of members of the let-7 family in adenocarcinoma female patients based on qRT-PCR analysis in CHTN samples (bottom left); C, correlation of CPD with expression of miR21 in SQ male patients and adenocarcinoma females patients (bottom right). Regression lines from linear regression models and Spearman correlation coefficients are reported. All P values for EAGLE samples are significant at level 0.05 except let-7e (P = 0.20), let-7d (P = 0.09), and miR21 in females (P = 0.09). P values for the CHTN samples based on 14 subjects are 0.08 and 0.09 for let-7f and let-7g, respectively. Symbols in the figures represent smoking status (△, current smokers; □, former smokers). differentiated tumors, miR expression loses histology specificity. This finding implies that efforts to exploit these differences for mechanistic insight or therapeutic benefit should focus on early-stage tumors. Given the different miR profiles by histology, we conducted survival analyses separately in the two histology groups, with a rigorous statistical approach. Many of the miRs downregulated in early-stage SQ versus adenocarcinoma were associated with increased risk of mortality from SQ, suggesting a role for these miRs in the repression of genes involved in lung cancer progression. This finding may also provide insight into why some early-stage, apparently surgically cured, patients recur with a fatal outcome. Among these miRs, we identified a five-miR signature that strongly predicted survival from SQ.
All members of the let-7 family highly differentiated adenocarcinoma from SQ and increased the mortality risk in SQ, suggesting that this group exerts its influence most profoundly within the early-stage SQ histology. Pioneering studies described let-7 miR as a negative regulator of the oncogenic family of RAS and as a repressor of cell proliferation pathways and NSCLC growth (11, 27, 35) . As it has been observed for other pathways [e.g., the epidermal growth factor receptor pathway in NSCLC (36) ] or other tumors [e.g., the NRAS/BRAF mutations in melanoma (37)], it is possible that let-7 expression alterations and KRAS mutations are mutually exclusive in lung carcinogenesis, with let-7 having a more predominant effect in SQ and KRAS mutations in adenocarcinoma. If further confirmed by mutational analyses, this finding may improve our understanding of the carcinogenetic pathways leading to NSCLC. Among the let-7 miRs, let-7g showed the largest fold change together with miR 26a, an hypoxiainduced miR known to decrease proapoptotic signaling (38) . Interestingly, both let-7g and miR-26a are localized to chromosome 3p21-22. Allele loss and genetic alteration at this locus are the most frequent and earliest genomic abnormalities in NSCLC (39) and are more common in SQ than adenocarcinoma (40, 41) . We also found histologic differences for miRs clustering at chromosome 14q32 and 19q13, both loci involved in lung cancer development and progression (28, 29) . All these loci have been extensively investigated for potential tumor suppressor genes without clear success. However, if the chromosomal alterations involve miRs that target distant genes, the potentially relevant lung cancer genes likely extend beyond these loci.
Other miRs strongly differentiating the two histology groups included miR-29a, which affects apoptosis (42) and epigenetic normalization of NSCLC (43), and miR-21, which acts as an oncogene or "oncomiR" in many tumor types and plays an important role in tumor metastasis (44, 45) . Interestingly, in our study, miR-21 strongly differentiated the histology groups with high levels in adenocarcinoma in stage II but not in stage I tumors, suggesting that miR-21 may be a marker of tumor progression in adenocarcinoma, identifying tumors on the verge of acquiring metastatic potential.
The large majority of miRs were downregulated in SQ versus adenocarcinoma in our study. This pattern suggests that miRs that function as tumor suppressors, such as let-7 and miR-29a, may be more relevant for SQ tumorigenesis because they exhibited poor expression in this tumor type. In contrast, miRs with oncogenic potentials in many tissue types, such as miR-21 and -26a, may be crucial for adenocarcinoma development because they were overexpressed in adenocarcinoma compared with SQ. If functionally confirmed, these miRs may identify histology-specific therapeutic targets, especially for surgically resectable lesions. The only previous study showing miR expression differences among lung cancer histologies found 5 mature miRs and 1 miR precursor differentiating 65 adenocarcinoma from 39 SQ (14) in an unadjusted analysis of Caucasians and African-Americans, with different smoking patterns than Southern Europeans. Dissimilarity in sample sizes, analytic approaches, assays, and ethnic groups may have contributed to the discrepancies between studies. More- NOTE: MiRNAs in bold are miRs that are confirmed in more than one study. *Identified as a growth-suppressive miR in murine lung cancer (Liu et al. 2009 ). † Although hsa-miR-513 was not included in the top five miRs in our study, it was borderline significant in our univariate analysis (permutation P = 0.0468).
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over, differential expression and variable ratio of mature versus immature miRs in specific subpopulations of malignant tissues (45, 46) may account for some differences. We examined the effect of tobacco smoking on miR expression and obtained interesting preliminary findings. The comparison between smokers and never smokers did not elicit significant results, possibly because of the small number of never smokers (only five in males). In smokers, we found that the expression of each member of the let-7 family, which has tumor suppression potential, was inversely associated with the number of CPD in females but not in males. We confirmed this finding also in the independent samples from the CHTN. Downregulation of let-7 by tobacco smoking was also observed in rats (47) . The gender discrepancy might be related to hormonal effects because estrogen levels may modify miR expression (48) . Sex and smoking status may have a differential effect on miR expression as has been observed for mutational patterns of epidermal growth factor receptor in NSCLC (49) . Interestingly, expression of miR21, which acts as an oncogene, increased with increasing CPD in SQ but not adenocarcinoma, suggesting a histology-specific response to tobacco carcinogens. However, small numbers or other unknown factors may have contributed to these results, and larger studies and functional tests are necessary to confirm our findings. If confirmed, they may provide an important piece in the mechanistic puzzle relating tobacco smoking to lung cancer development.
In the survival analysis, we found that the low expression of several miRs was associated with up to 4-fold excess mortality from SQ overall and in the subgroup including only male smokers with stage I to IIIA. Interestingly, many of these miRs were downregulated in SQ versus adenocarcinoma even in stage I, suggesting an early role for these miRs in the regulation of tumor progression. We confirmed the findings by qRT-PCR for selected miRs.
The lower expression of let-7e, miR-34a, miR-34c-5p, miR-25, and miR-191 constituted a "poor survival" signature. Reduced expression of the let-7 family has been previously correlated with poor postoperative survival in lung cancer (13) . MiR-34a and, to a lesser extent, miR-34c are targets of p53 and are involved in p53-dependent apoptosis, cell cycle arrest, senescence, and DNA damage response (50) . MiR34a has been recently found to be associated with poor survival of NSCLC in a study investigating the role of the miR34 family ( (52) found that miR-34c expression progressively decreased from normal bronchial tissues of nonsmokers to SQ, whereas Liu et al. (53) identified miR34c as a growth-suppressive miR in murine lung cancer, suggesting that this miR is involved in bronchial carcinogenesis from the very early steps of this process. MiR-25, which targets important cell cycle regulators, such as AURKA (P < 1e-05, miRBase database), may contribute to the change from bronchioalveolar stem cell to lung cancer stem cells (54) with metastatic potential. Finally, expression of miR-191 has been found associated with survival from SQ (55) and acute myeloid leukemia (56) . Although risk prediction models should be interpreted cautiously (57) and need confirmation in multiple studies, taken together, these findings suggest that targeting these miRs in the treatment of SQ may prove fruitful.
Previously, few studies explored the association of miR expression with survival from lung cancer and found different sets of miRs (Table 5) . Four of the five miRs identified by our risk prediction model were also found to be associated with lung cancer survival in other studies, although we could not confirm associations with some of the previously identified miRs. As Table 5 shows, there is large heterogeneity across studies with regard to subjects' and tumors' characteristics, sample size, assays, analytic approaches, and tissue types, which likely explain the discrepant results. Results may also be affected by the different numbers of miRs tested and different cutoffs used to exclude miRs with low intensity across multiple samples or arrays. As an example, Yu et al. (15) found a group of five mature miRs that together predicted survival in 57 SQ and 60 adenocarcinoma stage I to III Asian patients. We could not verify this finding because three of the five miRs identified in this study were excluded from our analyses because they had >50% missing data across subjects. However, of the remaining two miRs, one (let-7a) was associated with survival in our study.
In conclusion, in the largest study of miR expression in lung cancer to date, miR expression profiles strongly differed between adenocarcinoma and SQ, suggesting that different sets of miRs contribute to the pathogenesis of different NSCLC histologies and may become targets of histology-specific treatment in the future. Among miRs whose expression was reduced in SQ from the early stages, we identified a profile that predicted survival for SQ. These miRs may have important implications for prognosis and treatment of this histology subgroup of lung cancer.
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